Functional Brain Imaging of Young, Nondemented, and Demented Older Adults by Buckner, Randy Lee et al.
 
Functional Brain Imaging of Young, Nondemented, and Demented
Older Adults
 
 
(Article begins on next page)
The Harvard community has made this article openly available.
Please share how this access benefits you. Your story matters.
Citation Buckner, Randy Lee, Abraham Z. Snyder, Amy L. Sanders,
Marcus E. Raichle, and John C. Morris. 2000. Functional brain
imaging of young, nondemented, and demented older adults.
Journal of Cognitive Neuroscience 12 Suppl. no. 2: 24-34.
Published Version doi:10.1162/089892900564046
Accessed February 18, 2015 6:27:54 AM EST
Citable Link http://nrs.harvard.edu/urn-3:HUL.InstRepos:3627133
Terms of Use This article was downloaded from Harvard University's DASH
repository, and is made available under the terms and conditions
applicable to Other Posted Material, as set forth at
http://nrs.harvard.edu/urn-3:HUL.InstRepos:dash.current.terms-of-
use#LAA	 
   
   	 	
  

 	
 
 
  	 

   !   ! " # 	
 $ % "
	 


   
     
 

   	
 
 

 	
 
 ! 

" 


   
  
 


  


 
 

! #	
 

 
$

 
$
 	
 
 
  
  


  


 

  
 	
 

 

  


 

 
! %   


 

 
  
& 

   

  '(
 ('  " (' 


 
 "
 () 


 
 ! * 	  	
   


& 

  


     	

	
 	  ! 
 

 	
 
	
 
 

 
  

 

 
!!"

  
 


 +
   


! #	
 
 

 	
 
 	
 


  	
 	
 

  
 	

!
  ,
    

 

  +
 ! -
 
 	
 	 

 
" 	   	
  
$" 	

 

 .


  	
 
  	
 	
 

 

 !  	
 
" 	   	
  
$"


  

 	
 

 

! #	



 
  	 
 
$	
  



  

  

 
 


 +

! 

"   
 
$
" 	
 
 	
 	
 

 
   		 



 ! #	 
  
 	" 

 

 


 


  
$ 


 +

" 

  	
 	 
 


!
/
 	 
   
 


 .  
" 
 "   
 
 


 
 	 
 
   .



  & 	
 


 
 

 ! 
&'%&
  
    
   
  
$ 	
    	
	
   
 	 

 

!
0
 	 
$  
 	  	

  
 
 
 	
  
	


 
 & .
 	 


 

 
 	 %	

1 



!!" 2
" 	
" 3	" 

 4
" 5
6

" 78889 

 4
 
 !" 78889  5
/1:" 78889 . 
 !" (;;;9 ." %. 
" <
" 5 %
" 78889 3" =

" /
4="

$" 5 3
" (;;;9 3	 
 !" (;;;9 
 
 !"
(;;;9 0
 
 !" (;;>9 
 
 !" (;;?9 
 

!" (;;@9 3	
" 3
" %
" 	" 5 %
" (;;?9
A 
 !" (;;)9 A 
 !" (;;'9 A 
 !" (;;B9
A" 	" +	" 
" 5 0." (;;;! 

"

$
   

	  
   
  	  

 
	 	

!
#	
 

  
$
 	
 
    
     
 !
% 	
  
 	

   

 	
  	 	
 

  
 

   	
 

 

    
!  "   
 
 
 

 

  
  	 
  
   
     	
 
 

! 

 
  
 
	
     
 	 
	
  $
 ! #	
 
   


   $
 
 	  
 

   	      
     
  	 
     $   
       
  
 



"  C4/ 
	9 C 
 !" (;;79
6 
 !" (;;7! #	
 C4/ 
	 	 
 

  	
 
  
 
  

 6	." (;;;9 D
" (;;;! #	
 
  	

 


	  	   
	 			 		
    !"   	
 

    
 	



 

  

  C4/  
 " 


 "  


  !
3

  
  	
 
 

 

    
   
	
 

 $
 
 /1:" E	" %
"
5 " (;;;9 #. 
 !" (;;@9  
 !" (;;>!
 
 ! 
 
 	
 




    


 
   
.
 . ! = 
 

 
.
 
   )8 
 .
 
	! :$ 
 	
 

  	
  
 $
 


  
$
  
$ 	
   
 

 

    
  
 7!BF ! '!8F! #	
 

 
  
.
 
  
  	"  	
 
 

 	 	
  
 
  	
 



	 

 *
 (   
 !" (;;>!
/1: 
 ! 

  	



        

 


. !  	
 "   $

   	 	 	
 

 (? 
   
	
 
!  

  	
  	
"  
 

  	 	 	! :$ 	



  	
  
 $
   

 
$ 

  

 
 
 


 	
     

 *
 7 
/1: 
 !" (;;;! /1: 
 ! " 	

"

 	 	
 
 
   

 
	
   
   !
#	

  
 
  
! 	

	 

 
 
 
 	
 
 

  
 "  
 ! (;;>


   
 
   
 

   " 	

 /1: 
 ! (;;;
 ! C
   	
  
  	
	
  
 
$
 

  
"
 
 ! % 
   	
 

 
 	


  
 	
 

  


     
$  " 
 


 "  


  !
% 	
 
 

 
$  	
 


 
		 	
   
 
! 
 

  
	
   	
 

 	  


  	
    
,
 

! #	



  
  
  
$ 	



  
 
,
 

  

! *" 
 .  . " 	 
	
 
   

 

 

 
0." " 5 $" (;;@9 /
 5 .
" (;;>"


  	 
  

 
	
 

!  
 " 	
 


 	
	
 	   
 

 
,


$  

  



! 3
"   
 	  
  	

	
 

  


  


  

 


  
	

 
 	
  

 


 

 
 

! 3	  
	 
  	
 	
 


  
  
 
   ! #	
 


 
 


 	
 
  /1: 
 ! (;;;  

 ! (;;>"  
$
" 	 
 
$
  	
 
	 	
 
 

 	
 	
 


 
" 
 

" 	
 	
 
 
$
 

 

   

! %   
	
 

    
 	
 
 

  

  " 

 

 "  


  !
3

 
$

 
 
 

 

 

  
 	

 	

 ! *" 	
 	

 %	

1 /

 

	 0

 



 


  


 
   
  

 
  
! 3
"
 
 
&   


 

 
" " C
" =


" 5 .
"
7888! = 

  
 
 
 @ 
.
 	
.
  

  .
  	
 

 	
 .
!  	 
" 	
 


	
  
 
$
  

 


  	
     
  	

.

 

 
! #	"  

 
	




     ! #	 

 	
 

 

  
 	 


  
 

" 		 
  

 


 

 
"  
  


 

  
 

" 		 
  

  .
 
 
   

 

  
 
 /
 5 .
" (;;>! *" 		 

   	
 

 
" 
 


 		 
 	

 
 #( 
	
  
 
 

 ,
  
	 +
  

 
! #	
 
  
 



 


 +
   

 


 

   


!
#!'&!

(

	  

 ,
  )@  '( !
* 
	 
"  

    
  
 


 
 ! C ;8 
"
	
 
 
  
 

 
 


 8!)) G (F" B!B8 ?!(F"  )!7B )!?F  	

" 


 "  


 " 

 

! C   
 
 	 



  


   


 

! 
 
 
 
  	
  
 +
 
 

 '8B # H (?" B>? # H
('8"  ?)8 
 # H ('>  	
 " 
 


 "  


 " 


! %		
	
 
 
  ,
 	
  
" 	
 

     $ G (!
%&	 	
  '#	
  .  
 
 
  

  
$

 
 "  "   

 
 
 
	  	
 


 



   ! #	
 

  +

 	
 
 	
 	

   
 

 

 $I7" ))J H 7!;'"  H !8>  	




 


 


    +

     	 
 
 
I7(J H 7!'?"  G !8B!
% 
 
   +
 	
 
 


 


 	
 


  
  &	
 
9 ( H 7@"  G !8B!
" ( ")
%   
	 +
  



      
$ *

(! % 
 	
 
  
$ 
 
 
   

 
" 
 
$

$
  
$
 
$ 
 
 
 
 
" 

  
"
 	 


! *   "
 


 
 " 
  





  
$

    
!  


"  
   
 
  	
 

$
  
 

    	
  



   
   "  
 


   
  


  ! #

$
 	
 	
   	

 


  
 

 
  	
 

  


" 
  	
  
$
  
 
   
!
* ) )	
# 


 

 
   
  

" 	
 
 


 

 

  
	
+
  

 
! #	
 
 
 	 
*
 7! / 
   
  	
  
$


 
 H )" @)" ? 
   
 	


  1 
 (>  (@  	
 #	
 #$ (;@@    
  	
 

$ 

 
 )B" )(" B@ 
   

1 
 '!
* 	
  
$" 
 
  



 

 

  	
 
  

 
	
 
 
( *
 7! # , 



    
  
" 


 
 

 
  
	 +
  	


  	
 

  	
 
. 
  	

	 
   

 
 	
 


 	
     
 !
7 
 
 

 

  (!78F" 8!B;F"  8!?7F  "



 "  


  " 

 

 *
 )! %<CD% 


   

 
+
   

 
  	
 

 $I7" )@J H >!7@"  G !8(! = 	 
 

 + 3 
 
 
 


 
  
	


 +
 K %
 "  

 

 
 "  0 
 


 
 ! :	 

 
  
    

 

   
	
 

  

  
! 
 
 	
 
&
 
  

  




! 
  
	
 
&

 
  

  


 
 

! #	
 
 
 
 	
	   G !88(!
) 
 
  	
  
 
 	
 $


 
  	
 

 
	
 #	  #$
(;@@ ! 	  

 	
 	! <"  	


 	  
 

$   
 
 
$ !  


"   	
 
 	 		
  

 

   

  
 
$
 
 	
	!
*   
	 			 +	  		
 	
 	 


   


  
	 

  

  
   

    
 
I7?J H )!(>"  G !8(
 
I7BJ H 7!@;"  G !8(" 


!
* 	
  
$"  

 



 

   ! % 	
 


	  
" 
 

 
 


8!?@F" 8!B(F"  8!?'F  " 


 "
 


  " 


 *
 )! %<C 
D%   

   

  +
  


 
  	
  
 $I7" )@J H
(!''"  L !7! < 


 
	
 
  
	 
 
 		 	
 


 


  



  	
  
 
I7?J H (!>("  H
!(8! % 
 	   


    


  	
  
 
 

  	
 

 , #	
 


 

 	
 

 
 	   
 
   	 
 
! :	 
 

   
	 +
  	 	
 
   K . H  " 

 H 


 
 "  
 H



 
 ! :  
  
  	
 
! #	
 
 .  	
   
	 
 


 	
 	
 
  


!
 - /

   	
 	
 

 
 
 

   
 
   	 
 
!
/

  
 
  

  	
" 
  

  
"  

 
  
! :	 

 	
 
 

   
	 +
  	 	
    K . H  " 

 H 


 

"  
 H 


 
 ! :  
  
  	
 
!
%&	 	
  , 

! M  

 
" 



 
$"  


   
! #	 



" 		  
 	

 
   



"  

  	
   	
 


!
#	
  
	  	
   

 

 	
 	
 

  

 
 


 +
  

 
		 
  
$
! #	 
 

 
 
  %<CD% 

 
  
  

  $I7")@J H '!88"  G !8B! #	"
	
 

 
  	
  

	
  
 


   
 	  	
 

 
  	
 

!
* ) .
* 	
    
 

 
" 	

	 +
  
  	
 

 

  
 	
 

  

 
	  	
 
	 
   	
 	



 
	!
) #	
 
 	 +
 

  	
  
 

 8!;?F" 8!;7F" 
(!)BF  	
 " 


 "  



 " 


 *
 )! %<CD% 	
 

  
 $I7" )@J H 7!>B"  H !8@!   
	 
 
" 


   	
  
 

 
  
  


  

 
I7BJ H (!@8"  H !8@! #	
 
 

  	
  
 

 8!>?F" 8!>;F" 
(!8>F  	
 " 


 "  



 " 


 *
 )! %<CD% 	
 
 

  +
  $I7" )@J H B!;7"  G
!8(! = 	 
 
 	
  
 

 


   	 


  

I7BJ H 7!B("  G !8B    
I7BJ H )!8)" 
G !8(! #	" 	
 	 +
 
 

  	
 	
 

  


 


 
 !
# 
$  	

 " 	
 

 
 

  
	 
   	
 



  	
 	
 

  
	  
+
  	N	
  
! * 	
  
"
	
 
 

 
 

 (!7'" 8!?'"  8!B7  "



 "  


  " 

 

 *
 )! #	
 

  +
    
  %<CD% $I7" )@J H ((!)7"  G !88(  
	 
 
 


 	 	 
   	

 
 

 
 	 	
  

I7?J H )!)7"  G !8(  
I7BJ H '!8>"  G !88( 



  


  " 


!
#	
 
   	
  
 



,
  
! :
 
 

 8!@;" 8!?@"
 8!?) *
 )! #	 

 	
  
 

 $I7" )@J H 7!BB"  H !8; 	 	
  	 


    


    
 
I7BJ H 7!8;"  G !8B! #	

 	
  

 

  

 	
 


  	
 
 

 

 *
 (!
%)  )	  . 
/

A
 	
 

 


  
   

 


 +
 "   
  ,

 .  	
	
 	 

 
 

 		  
    	 


 +
!  	
 " 
  		 	



 
  
 
 
  		 

 	
O /
  		 
 

  


 
  		 
 

  	
O
%
   

 


   

 
7 H !8)9 $I(" )@J H (!(B"  H! 7 ;  	   


  
7 H !)'9 $I(" )@J H (;!B;"  G !88(!
#	

 
 
 
 +
 	 
 	
 
 
 	 	
"  	 	 

 

  
  
!
* ) !
# 	

  

" 	
 	
 
 

  	
 
   



  	
   ! #	
 

  

  	
 
   	


" 
 	
 

! #	



 

 

 	
 
 
 
	
 
 
   

! # 
"  

 

 

 	
  

  
! 3	  	  


 	

 



  
 
 
    
   

 

 
! *
 '  
 	
 
! #	
 
   	
 



 

 		   	
 
 
 
 

! #	" 	
 	
 



    	   +
 "



  	
	
 	
 
 

  

  

  
   

  !
# , 
 

 	
  


 " 	
 
  	
 
 	
 
 

  

 

    
 
  	 
  	
 
 


! 
  	
  
 

 
 

	

 
 
  
 

 

K (!77F (!78F" 8!B;F 8!B;F"  8!?BF
8!?7F  " 


 "  



 " 


! 
  	
  



K 8!?BF 8!?@F" 8!B8F 8!B(F"  8!B;F
8!?'F! # 	

 
  	
 



  	
 
 

 

  	


 

9 (88F 
 

 
  
 

K (87F" (88F"  (8BF  "  



 "  


  " 


"
-   
	 			 +	  		
  	
  
  ;?F" ;@F"  ;7F  	

 
!
!%'!!
  
   
  
 
	 
  
$ & 
 
 

 
 	
! 

"   
 

 
  
 
 


   
 


 

 


   

$  

 


  ! #

 	 
$"  
 
& 
  
$
  	

 +
 K 
" 


 
 "  


 

! #	
    ,
 K 
 
  

     
 
   +
  *
 (! #	"
	

  
 	   
   


  	
   
   



! 
 	  
" 
 


,  	
  

 

 

   
 ! #	

 


  ( 	
 
  	
 	
 
 

" 7 	
 
  	
 

"  ) 	

 

  	
 

!
3 
  	
 
  	
 	
 
 

 

 
  
  

 

 " 	  


  



+
 ! 

" 	

 
 

 
 
 
K #	
  
 	
  

 
  	
  
  !


" 	
 
 


 	
  

 ! % 
  	
 " 


 
 	
 
 	
 



 


    ! C 	

"
/1: 
 ! (;;;   
 ! (;;> 	



 

  
!  
 ! 
 
 
 
 
  	

	
 

   "  /1:

 ! 	
 		  

    
! #	
 

 
  	
   	




 

K  
 ! (;;> 
$

	
 

  	
  
$ 	

/1: 
 ! (;;; 
$
 	
  
$!
	 	 
   	
 
 

 

 

O C
 		
  	 	

 

   	
   
  
	
 

! #	
 

  
   

 	 	  ! 

"  
  
  	 	

 
 
 


  

 
!   "  
$ 
 
 

 

  
  

 

	
 
 
 
   

	 

  
  
  
!!"



  	
   $
! 
 
 ! (;;?
 
 
 ! (;;@ 
  

  

 	 	 

! 
 
 ! 

 	



 
 "  
  



 0 #	
 


 

 	
 

 
 	   
 
   	 
 
  
 	
 

  	
 	
 

! :	 
  
   
	 +
  	 
   K . H 
" 

 H 


 
 "  
 H 


 
 ! #	
 
 .  	
   
	 
 


 	
 	
 
  

 

! #	
 
  
	 
 	 	  
.  	
 
 


 	
 


 

   	
 
  


  *
 7! #	
 
 	 	  
.  	
 	 


 	
 
   	
 
 
   	
  
! % 

 
 +
     

  
  	
 
! <
 	
 
 
      	 
"
 
   
  	
 
  	 
.!
%&	 	
  .
 " 	
 

  
$  


  		 
,
  " 
 
     
 
 ! C "
	

"   	   


  

$ 


 


  


 

   
 

  
 
 ! (;;@!
A
 	

 

" 	
 
  	
 

 


  	
 

  

  	
   	
 ! #	
 






 
  
 

  
 



 
 "    

 

 "  
	    	
 !
<
	

" 	
 

 
 
 	 	
 
 

 
  
 
  




 


      

 	
  
   	 

 

 
  


 


  




 !
%  	
 

 
 	




 
   	
 
 
 	
  


 
 ! /1: 
 !
(;;; 	
 
 

 

 



  


   
  
! #	" 	 
 

  
 

  	  

 	


 
  ! #	
  
 
  	




  		  
 

 
  	




 
 ! C
 
 
  	



 

   

! #	
  



 
   	
 

  

 
$
 

 


" 		 
  	

 
  
    	
 %	

1
/

 

	 0

! #	

  	
	 

" 	 	
 
  	
 

 
 
 "  


 	
    
  
 ! #.
 

" 	
  


  
 

 
   
 
 
  
     

  


 !
=
	 	
     	
 


 

  	
  

  	
 	
 
 

  
,
 

! % +

  	 
 	
 
 
 
 	
 

" 


  	
 

  	
 
 

 *
 '! 3	   
  
 

 

 

 
 
 
  

 /
 5 .
" (;;>! 

"   


 
" 	
 


   


   
 

 

 
 
  
   


   
! C
 
  
  

 	



  	
 
 
  		 	



   

 

 

 

$
 B
(N7 
 ! 3
   
	
 	 
  

 

  



 
 
!!" 

 5 0	" 78889 *"
2
	" 

" 5 #
" (;;>! #	   
 
 
$
 	
 	
     
 
 


      


!
)	  #1)	  
)
 
       
 

 	

 	 	
 

 
 
	 

! % 
 
" 
   
$  	

  	
 	
 

"  



 

 
  
 
! * 	



" 
 
	 	
 
  /1: 
 !
(;;; 	  

 


 +
  

   

!
/
 


    
 	
 


  

 
 

 	
 
 	
	
 
 

  	
 

 
 	


 


 +
   

 	
 

 	 	
  N  

 
	
 

 
 	
 
 


 ! #	

 
"

	

" 
 
$
  	
 

  
 
 /1: 
 ! (;;; 	 

  
 
 
	

 ! 	 /1: 
 !  	
 
 

  
  
 

   
   	
  
$! #	
 

 

$

 	   
  

 



  


 
 !  "  
 
 

 


 


   



 
  

 
  	 



! #	" 
 
 " 
  
  	
 

 

 


 +

  
 
! 

" 	
 


 
  
 	 
 
 


    	
 



 	 
 


 
$

 
 
!
A
 	
 
  	
	
 	
 	



 
  
,
 


  
 "  

 	    

 
 	   
  
 


  


 +
 !
C
  
 	 
 


 

   

   
 
 
!  	 
" 

  
N
 	
 


  
  
1 


 
 	 	
  	
 
! C
 
  

   
  






  

 /1: 
 !" (;;;  
 
! 

" 	  

	" 	

 	
 

 


  	



" 	
 	
 

 
 
 
!
%	
   
 	 
 
  

  
 	
 	 

  


	
   	  " 	
 	 

 	
 


 ! # 

  
"   
	 			 +	  		
 	 
 
    
 



  
 ! A  
 
 
 
$

  


	
 
  	
 

 	
 	 
 1

  

 	 	
 

 	
 
	
 ! A 

  
" 	
	
" 	"  	
  

 
  
 	
   
 
 	 
  	
 
 

! 

" 	
 


 
 
  	
 

 "  

  +
 "  	 	

 	
 


 	
 

" 

 	
 
 

  +
 ! #	" 

     " 
  



 


   
  
  
	
  .
 

 
 


  


 ! * 
$
"  	
 	
 
 

 
  
   	
 
$  
  

     " 	


$  .
  

 


   



 	
  ! 


  

 
  
 
 
$
 
	 
 	

 
 	  

    



  
	 ! 
 
 ! (;;? 

 
 ! (;;@ 

 
$

 
$
 



  
 
 

  	

  
 
  
 ! #	
 

	 
$
  
 !
"#&*!
!2
* 
 	 	
" :	 
. 

  P>B 
! *

   
 
 
 

 

  


 
	
 
   	 
! #	
 


  	

    7(!( 
 
K
(@&7' 
! % 	  
   



  
$ 
! #
 

 
  
 

 

  	
 
  	
 	 
 
 %	

1 /

 

	 0


%/0! *

 
 
 

 


 	
 
 
  >'!; 
 
K ??&@; 
! #	


$ 
 

 


 	  
 
  >>!7 


K ?@&@) 
! C
  

 
$
  	

	 
" 	"  
 

 	
 
 

! % 
  	 


  !
/

   
	
  	
 %/01


  

 

 

 

 
 !" (;;@!  
" 


 
+
  	
 	  

  	
 %	
 

1 
 /%# 

 

  	 	

0 /

  0/" 	

 0/ 8 

 

  0/ 8!B  0/ ( 
 

   /%#" 


 " (;;)! #	

%/0  
  /%# 
 
 
	
  QQ
 %/11  

  	
 .
A  	
 < 
  <
 
0
 /
  3.
  %	

1
/

  

 /
 % 6	

 !" (;@'! #	
    /%# 

  	
 
	 


  %/ 
;)F"   +
  	
 

 
 


 !
!" 0/ 8!B 
 
 !" (;;@! C 	
 ()



 " @ 	 
  /%# 0/ 8!B
 B 	  /%# 0/ (! % 


 

 	 0/ 8!
" 3 4
3 

 
   3

 (!B # D 3

:
" A
 	    

	
 ! %   	
 
. 



  
 	
 

! =1 	



 
   	
 	
   	
 


 	 	
 

 
$ 
 	 	
 

  	

	
  !
!"  

  .

 ( ! 
 	
 

! 
	
  


 
 
  
  	
+
!
 
  
 		 
  

	 		 &	
 "  

  	

  


 #( 
	
 = %A:  
 


,
 
 +
 
 H (  (  (!7B " #
H ;!> 
" #: H ' 
"  
 H (8" # H 78 
"
#/ H B88 
! #	
   
  	
 


 ,
  	
 
  	
 
 
 
  	

   
 , 
	
 
  	
 
"  	
  
,! #	
   

  


 
 	
    

 3
"
(;;?  

   (  $
 


  
$  7  $
 

   .   ! %		 
 
  	
 

 " 	
 
 
 
   ," 

 
  	
NN03* 

 

 
!!" 3
" 3
" 4


" " 5
.
" 7888!
* 
 

 

 	  

 
	 
,

 

  C4/   

 # H 7!?@ 
" )!>B  )!>B   
 
 
9 #7R 
 
 H B8 
" 	 H ;89
0 
 !" (;;?! 	
    
 

  (?  @  	. 
 ,


  	
 
  	
 
 
  

! * 
	 +
"  

  

 

 ,
" 	 
	   (7@
 
,
 	
  
 ,! :	
 
 $
 B!B    7  


$
 


 "  		 +
 




  
!
%&	 	
  "
(	 4
3   
   =
 	

 %
" 0
" 0%  =3
  

 0	
" 	
" *" 5 =" (;;)!
6

 

 

 

   
 
	 

 .

 

   =3
 
$ 0

 
 
" =	" =%! %
 
$
 
 

 	 

  



 
$! 3 

 
 +

 % 
= 
 40/ (B8" %" 

" *4  


 
  	
 .  	
 
 
! = 
 

 	
 

 		   

 
	
   	
 	
 ! = 
, 




  
  

 
 
 

 
!
#	
  .  
  

  
(!B 
   ! = 

 
.
 	 	
 	 
$ 
   
!
#	
     @  
	
 .

.  	
 	
.
 
 $ 

 (7   
 ?  
	  
!
3 

 

 
  	
 
 

 
 ! 7888! #	
  
  

 
	
 
  	
 
 ,  	
 =3

 $! 3 
,
  	
 	
.
 
 


 	  
  
 $
 
 
    	
  
!
 

 
 	 	  

 
	 

, 7(!'' 
" 
   .    
 

 


 (B  
      ?8
 
 +
! #.  
	
 
 



   
     
	  
  
  B!)? 
    
! C
      

 
 
 
$
 	 	 
	   
 

 

  	
 	
 

  
	 ! #	
 
 	 
 /
 5 .
" (;;>  	 	
 
 
   
 
$
  


 	


.
 	
 

   
" 



! #	
    	
 
 	

 

  	
 	
 


 
 
$
K # 	
 


 	 	
 
 


 	
    

   	
 


 	
 
  " 	
 	
 


 
$	 
 ! * 
 , 
   $ 

 ,
   	

    	
    
	 !
"  	
* 
	  "  

  


 


 

 
  
    
 
 
 

 	


" =


" 5 . 

" 78889 6	" 	


" /" 5 .
"
7888! *  
" 	
   
 



 
    
  
! %  
  

 

 
N

 
 
 


  
  
	
    
  (888   

  
 !  
    
    
  	
  
   
    	  
   	                  
 ,  
     

 
 ,  


  
	 
	 +
 3
" (;;?! % 
 



 

   
    	

#	  #$ (;@@  

  7 
  $
! #	
   


  
	  +
   	N	

 
  
  	
 




! *" 	
 
  
 

 

 
	 $
  

 

  
   
   
  
 
! #	
 
 $
 
  
  


  
 

  

  	
!
#	
  C4/ 

 

 
 
 	
! *"  +
   



 

   

 

 	  

 

 
 
	 .
 
 !" (;;@9 /
 5
.
" (;;>! * 	 "  

 
	
   
 $
  
  	


 
  	
 
   

! #	
 
 
   

  

 

 

!
* 
	 +
"  
   

 



	
  
  
 	
 

 

	 $
  	
 
  

! #	
 



  
 
 
	 
 ,
7(!'' 
 
 	
 #  7!?@ 
! %    
 

  

! * 
	  	

	 +
" 	
 
  
 


   
! # 


 	
 

  	
 
 

  	
    
" 	
 
   

  

 	
   ! 3  

   
  

 
  	
 





   

 	
   
	 $

    
 	
 



     .
 
 !" (;;@9 /

5 .
" (;;>9 " :
" A
" 5 


"
(;;?! *  

 
" 	
 


 
 

  

 	


 

 
 +
 
   

!
3
" 
.
 	
 

 

 
$ 

  
	 +
    

 

 
 
    

 

! #	
 
 

 

   
  +
     
  

  ! =
.    
 
$ 

 	
 

  	 

 ! 
 

 

  
 
 $
 	 (7   	
   	


.  

 !  	 
"  +

 
 
,  
 
  

   
 
    +

"   
	 			 +	  		
  
 	
  		
 	 	
  
 	


! <
	

"    
 

  
 


 
$
  ! C
 +
   	



     	
 
.  



 
 

 


!
' #	
 	



  
 

 
  
	 
 

	 +
  


  
,
 
 

 %<CD%   	  
 
 
!
/	

 	. 	
   	
 	 
 %/0 

 "  6

  	
  



	 

"   =
  ! /
/" 
 0"   


 
 		 
 
   
 
  	 ! #
0  : %.. 
 
  	




   

! #	 .  

 < 
  %  %A8B?@(" %A8);;("
< 
  
 
	  B>B8?"  
2
 3! /
 * =  0
 <
 


  ;; ?)N;;8888)!

 
,
 	 
 
   4! .
"
/

  =	" 	 
" 0
$ ((7B" C
 . /
" 3! 4" C ?)()8" 3%!
#	
  

  	 
$

 	
 

 

 
<  / 0

 	KNN!!! #	


 
  7 7888 (((@!

(! #	
 
 	  

  	
  
 



     

 
 	"  	

"   	
  
! 	
 

  	 
"

 

 
$
 
 
  
 	


    

 


 	 
 

!
%

 

" 	  
  

 

"

  

 
    	
 	
 	
  	



! * 	

 
" 	
  

 

 


!
7! 
  

  

 
" 	 
	
 
  
 
 !" 7888   
 !" (;;?

  
  
 	

" .
 

  	
 


  
  
 +
  	
 

 


 !
)! 3" 	
  
     	


	 
 

  	
 	
 

! * 	

" 	
 
 

  
! #	
   

 
 	
 
  	
 	
 


 
   	
 
! #	
 
  
.
  
  

 
 

 	 
   ! 	
" 	
 
 
 .
 

 
 

 	 
 

   	

   
	

 


 	 	



 
!
'! % 

 	  
 
  
! 
	  " 
 

 

  
	 
+
 
  	  	
  ! #	
 
 


,
   	
 
  	
 

 !


" 	  	  
 

  
 	
 
 
 

!   
 

" 	
  	 

 
  


  $
 	 

 
 

 	

 $

 
 
 .
  
	 
! #	
 	 


"  		 
 

 

  	
 

 "  
 

  	   ! #	

 
  	 	   $
 	 	

	
   	
 
. 

 
! <
	

" 
     
$ 



+
 " 	
 

   	
 
  
 

 
  
 	
!  	
  


 	

" 	
  .
 	
 
 

 *
 (! 

" 	
 	
 
 


    	 
 

   
 !
###%#!
." 4!" %." C!" <
" 4!" 5 %
" 2! 7888!
* 	
       % 
	

1 

!   
	 			 
()'&('(!
." 4!" %
" 2! 4!" <
" 4!" " !" < 

" %!" 5 %." C! (;;;!  
 
 	

 

     %	

1 

!
	 ' (@?(&(@>8!

" 4!" 6

" /! !" 
" 2! =!" 3" !" " :! !"
" 2! 0!" " 2!" 0" !" <" 2!" A
" %! !"
=
" 2! 4!" A
" !" " 3! 3!" 5 3
" %! ! (;;@!
0	 
  
 	
	  
%	

1 

K 
  	 .
  
 

 

" 
" 
$"  %=C: 

! /	 
	 '' )7?&))B!
" A! !" :
" 3! %!" A
" A! !" 5 


" /! 2!
(;;?! 4
 
    
 
 

   	 D(!   			 *
'78>&'77(!
.
" ! 4!" A" 2!" ." !" 
" !" 6"
!" 3	
" /! 4!" 
" !" 5 /
" %! ! (;;@! * 
& 

  +
   	 
 


   

 

 

 ! 	 
7@B&7;?!
0
" !" A" 0! 4!" <
" 4!" 	" %! !" #" :!"
6" 3!" 2
" 2! !" 
" 3!" 5 0." *! ! ! (;;>!
%
 

 


  
   


  

K %  
 	
! 	   			 , );(&'88!
0." D! =!" " 2! !" 5 $" 2! D! (;;@!   

 

  
    
 
,

!   	 ,. )7B>&)7?B!
0	
" 2! /!" 	
" !" *" !" 5 =" 2! (;;)!
=3
K % 
 	 

 

  
 
 	 
$

! %	 0		
	
1 
	
 1 
	 ' 7B>&7>(!
0" #! :!" 6" ! 0!" %.." :!" 3
" %! E!"
M" #! E!" 5 	
" ! :! (;;?! 3
 
 
$

 
   
 


! 	
  			 /2

  >!
/
" %! !" 5 .
" ! 4! (;;>! 3


 
 
 


    ! 3 %
 ' )7;&)'8!
/1:" !" E	" :!" %
" A! 6!" 5 " ! (;;;!
#	
 

     	
   
 
 	
 C4/ 	
 

! 		  ?&('!
*" 6! 2!" 2
	" C!" 

" A!" 5 #
" ! (;;>! < 

 

 

 

  ! 	
 0		
 	1	 ". '(&B7!
A" 0! 4!" $" 2!" " !" A

" 2!" 3
" 2!"
A
 %
" %!" 0" !" 
	" =!" 3	" !"
5 " 3! (;;)! %  

  
  

 .  
 	 %	

 

 

! 	2  /  " )B&''!
%&	 	
  ""A" 0! 4!" " 2! !" " !" 


" 4! A!"

" ! 2!" 3
" 2! %!" =
" =!" 
" :!" 5 $"
2! D! (;;'! %
 

 	
      
   
  
  ! 4
  			   ('B8&('?7!
A" 0! 4!" 	" %!" " !" " 2! !" 

 

" 4! A!" 
" ! 2!" =
" =!" 3	" ! !" 5 $"
2! D! (;;B! %
 

 
  	 


 
  
 
! 		 *. 7(@&77(!
A" 0! 4!" 	" %! !" +	" !" 
" 3!" 5 0." *!
(;;;! #	
 

  
  	
 
 

  
 
 
! 		2 
	5 . @8B&@('!


" 3!" 5 0	" A! 7888! :

   


  	
 	
 

    


  ! 		  B'>&BB)!
2
" 2!" 	
" 0!" 3	" :! :!" 

 4
" =! %!" 5
6

" ! %! 7888! %
 


  
	  =:#
 

 


  



 
 

 . 
!   
	 			
 (@@&(;?!
6	" 3!" 	


" ! :!" /" /! !" 5 .
" ! 4!
7888! <
 

  
 

 
! 	4
	  7>?&7@?!
6	." ! (;;;! 
  

  !  0!

 5 =! 
 :!" $
 0 ! (B&7)!
<
 M.K 3
!
6" 6! 6!" 

" 2! !" 0	

" /! %!" A
" ! :!"

." ! !" =

" ! =!" 6

" /! <!" 
" !
:!" 0	
" ! 3!" 5 #
" ! (;;7! / 



   	    

 ! 6		1  
	 
 /1	
 		 (/ -. B?>B&B?>;!

" /!" A" 4!" /
" 4!" #." #!" =

"
2!" ." #!" 5 0
" ! (;;;! %  


K 0	
  
 

   

	 
  
 
 !  

	 			  B((&B78!
6	" A!" /	" /!" *
" !" 6" !" =
"
/!" 5 3" ! (;@'! 0   %	

1


K 
  	
 <<0/3&%//% . A 

	
 
  	
 /

  
	  
3

 #. *
  %	

1 /

! 	 " 
);&''!

" !" %
$
" A!" 6." 2!" =
" =!" *
" !"
3	" !" 5 " 3! (;;@! 
 
,


 

  
$
     

 

  


 %	

1 

K =:# 
 
  ! /	  
6
 '' >@B&>;'!

" !" " !" A" 0! 4!" %
$
" A!" D

"
2!" " 2!" =
" =!" 3	" !" 5 " 3! (;;?!
D    %	

1 

 


	  
 
 QQ
 
11  =:#! /	
  6
 '" )7&'8!

" *!" " 4!" C
" 2!" =


" 3!" 5 .
"
!4! 7888! 0	
 	
 	
 

K : 

  

 
"  

"  	

  
   
  

 !
		  >)B&>B;!
" 2! 0! (;;)! 0 

 ! 	  "
7'(7&7'('!
C" 3!" #." /! !" 
" !" :
" 2! !" 6" 3!
A!" 
.
" !" 5 " 6! (;;7!  
	
  
 K *
  	 
 

 ! 64
		1  
	 
 /1	  		 (/ -.
B;B(&B;BB!
" ! !" M
 #" /! %!" 
	" =! *!" " 4! 0!"


" 2! !" 
" <! 6!" 0	
" ! /!" 5 4
" 2! !
(;;>! %
 

 
    

 
	 ! 	  - (>)&(>?!
" !" 5 /1:" ! 7888!  	
 
 
 
	  
 

 	
  	 . 
!

	 			 " B8;&B(B!
3	
" /! 4!" 3
" 0! !" %
" <! !" 	" 3! 4!" 5
%
" ! 3! (;;?! #	
 
  	  

$  
 

 
 	
K % =:# ! 	4
	
 , ((?B&((?;!
3" 3! %!" =

" A! !" /
4=" !" 
$" !" 5 3
" M!
(;;;! /

 
   	
 	
  

 	 
 

  %	
 

1 

! /  	  ' '??&'>7!
3	" 0!" %

" %!" 6" !" 3	" *!" 6" !"

" 4!" 5 %" ! (;;;! %

   

    		 .  %	

1


! 	 '" ();(&();?!
3
" %! E! (;;?! /


 
 
  
 

   =:#&=:# 

!  /! 
 5 #!
2
 :!" 7

  2 
  6#!
3 /
K %
 =
!
3
" %! E!" 3
" %! 4!" 4


" !" " 2! 0!" 5
.
" ! 4! 7888! % 	 

 %%%
 " 
 
" 


  


 

!   
	 			  
#	" 2!" 5 #$" =! (;@@! 4 
		
5

  
	  2! <
 M.K #	

!
#." #!" ." 3!" 	" !" *." %!" <." !"
6	." 6!" #." 6!" M	." #!" #.
" !" 5
C		" ! (;;@! %
 
  	
 
   
	
  := !   
	 /
	1 4
 " B('&B(>!
D
" %! (;;;! =	 	
    
!  0! 
 5 =! 
 :!" $
 0
! )&()! <
 M.K 3
!
	


" ! :!" =


" 3! :!" 5 .
" ! 4! 7888!

1 
	K D 


 

 
 
 
 
$! 6		1  
	 
 /1	 
		 (/ .," (((7B&(((7;!
"   
	 			 +	  		
 This article has been cited by:
1. Stephen D. Mayhew, Sheng Li, Joshua K. Storrar, Kamen A. Tsvetanov, Zoe Kourtzi. Learning Shapes the Representation of
Visual Categories in the Aging Human BrainLearning Shapes the Representation of Visual Categories in the Aging Human Brain.
Journal of Cognitive Neuroscience, ahead of print1-14. [Abstract] [PDF] [PDF Plus]
2. Cindy Lustig, Priti Shah, Rachael Seidler, Patricia A. Reuter-Lorenz. 2010. Aging, Training, and the Brain: A Review and Future
Directions. Neuropsychology Review 19:4, 504-522. [CrossRef]
3. Cynthia K. Thompson, Borna Bonakdarpour, Stephen F. Fix. Neural Mechanisms of Verb Argument Structure Processing
in Agrammatic Aphasic and Healthy Age-matched ListenersNeural Mechanisms of Verb Argument Structure Processing in
Agrammatic Aphasic and Healthy Age-matched Listeners. Journal of Cognitive Neuroscience, ahead of print1-19. [Abstract] [PDF]
[PDF Plus]
4. F. Peters, F. Collette, C. Degueldre, V. Sterpenich, S. Majerus, E. Salmon. 2009. The neural correlates of verbal short-term
memory in Alzheimer's disease: an fMRI study. Brain 132:7, 1833-1846. [CrossRef]
5. Beau M. Ances, Christine L. Liang, Oleg Leontiev, Joanna E. Perthen, Adam S. Fleisher, Amy E. Lansing, Richard B. Buxton.
2009. Effects of aging on cerebral blood flow, oxygen metabolism, and blood oxygenation level dependent responses to visual
stimulation. Human Brain Mapping 30:4, 1120-1132. [CrossRef]
6. Thomas Ernst, Renat Yakupov, Helenna Nakama, Grace Crocket, Michael Cole, Michael Watters, Mary Lynn Ricardo-Dukelow,
Linda Chang. 2009. Declined neural efficiency in cognitively stable human immunodeficiency virus patients. Annals of Neurology
65:3, 316-325. [CrossRef]
7. Federica Agosta, Maria Assunta Rocca, Elisabetta Pagani, Martina Absinta, Giuseppe Magnani, Alessandra Marcone, Monica
Falautano, Giancarlo Comi, Maria Luisa Gorno-Tempini, Massimo Filippi. 2009. Sensorimotor network rewiring in mild cognitive
impairment and Alzheimer's disease. Human Brain Mapping NA-NA. [CrossRef]
8. Ann M. Peiffer, Christina E. Hugenschmidt, Joseph A. Maldjian, Ramon Casanova, Ryali Srikanth, Satoru Hayasaka, Jonathan
H. Burdette, Robert A. Kraft, Paul J. Laurienti. 2009. Aging and the interaction of sensory cortical function and structure. Human
Brain Mapping 30:1, 228-240. [CrossRef]
9. John Burge, Terran Lane, Hamilton Link, Shibin Qiu, Vincent P. Clark. 2009. Discrete dynamic Bayesian network analysis of
fMRI data. Human Brain Mapping 30:1, 122-137. [CrossRef]
10. Serge A.R.B. Rombouts, Jessica S. Damoiseaux, Rutger Goekoop, Frederik Barkhof, Philip Scheltens, Stephen M. Smith,
Christian F. Beckmann. 2009. Model-free group analysis shows altered BOLD FMRI networks in dementia. Human Brain
Mapping 30:1, 256-266. [CrossRef]
11. Maija Pihlajamäki, Reisa A Sperling. 2008. fMRI: use in early Alzheimer’s disease and in clinical trials. Future Neurology 3:4,
409-421. [CrossRef]
12. John Darrell Van Horn, Catherine A. Ball. 2008. Domain-Specific Data Sharing in Neuroscience: What Do We Have to Learn
from Each Other?. Neuroinformatics 6:2, 117-121. [CrossRef]
13. G. R. Samanez-Larkin, M. D'Esposito. 2008. Group comparisons: imaging the aging brain. Social Cognitive and Affective
Neuroscience 3:3, 290-297. [CrossRef]
14. Joseph A. Buckwalter, Josef Parvizi, Robert J. Morecraft, Gary W. van Hoesen. 2008. Thalamic projections to the posteromedial
cortex in the macaque. The Journal of Comparative Neurology 507:5, 1709-1733. [CrossRef]
15. Ann M. Peiffer, Joseph A. Maldjian, Paul J. Laurienti. 2008. Resurrecting Brinley Plots for a Novel Use: Meta-Analyses of
Functional Brain Imaging Data in Older Adults. International Journal of Biomedical Imaging 2008, 1-8. [CrossRef]
16. Rong Chen, Edward H. Herskovits. 2007. Clinical Diagnosis Based on Bayesian Classification of Functional Magnetic-Resonance
Data. Neuroinformatics 5:3, 178-188. [CrossRef]
17. Noa Ofen, Yun-Ching Kao, Peter Sokol-Hessner, Heesoo Kim, Susan Whitfield-Gabrieli, John D E Gabrieli. 2007. Development
of the declarative memory system in the human brain. Nature Neuroscience 10:9, 1198-1205. [CrossRef]
18. Daniel A. Handwerker, Adam Gazzaley, Ben A. Inglis, Mark D'Esposito. 2007. Reducing vascular variability of fMRI data across
aging populations using a breathholding task. Human Brain Mapping 28:9, 846-859. [CrossRef]
19. Christina E. Wierenga, Mark W. Bondi. 2007. Use of Functional Magnetic Resonance Imaging in the Early Identification of
Alzheimer's Disease. Neuropsychology Review 17:2, 127-143. [CrossRef]
20. Jonas Persson, Cindy Lustig, James K. Nelson, Patricia A. Reuter-Lorenz. 2007. Age Differences in Deactivation: A Link
to Cognitive Control?Age Differences in Deactivation: A Link to Cognitive Control?. Journal of Cognitive Neuroscience 19:6,
1021-1032. [Abstract] [PDF] [PDF Plus]21. Florent Segonne, Jenni Pacheco, Bruce Fischl. 2007. Geometrically Accurate Topology-Correction of Cortical Surfaces Using
Nonseparating Loops. IEEE Transactions on Medical Imaging 26:4, 518-529. [CrossRef]
22. Bradford C Dickerson. 2006. Functional magnetic resonance imaging of cholinergic modulation in mild cognitive impairment.
Current Opinion in Psychiatry 19:3, 299-306. [CrossRef]
23. Michael W. L. Chee, Joshua O. S. Goh, Vinod Venkatraman, Jiat Chow Tan, Angela Gutchess, Brad Sutton, Andy Hebrank,
Eric Leshikar, Denise Park. 2006. Age-related Changes in Object Processing and Contextual Binding Revealed Using fMR
AdaptationAge-related Changes in Object Processing and Contextual Binding Revealed Using fMR Adaptation. Journal of
Cognitive Neuroscience 18:4, 495-507. [Abstract] [PDF] [PDF Plus]
24. Cheryl L. Grady, Mellanie V. Springer, Donaya Hongwanishkul, Anthony R. McIntosh, Gordon Winocur. 2006. Age-related
Changes in Brain Activity across the Adult LifespanAge-related Changes in Brain Activity across the Adult Lifespan. Journal of
Cognitive Neuroscience 18:2, 227-241. [Abstract] [PDF] [PDF Plus]
25. Rong Chen, E.H. Herskovits. 2005. Graphical-model-based morphometric analysis. IEEE Transactions on Medical Imaging 24:10,
1237-1248. [CrossRef]
26. Kejal Kantarci. 2005. Magnetic resonance markers for early diagnosis and progression of Alzheimers disease. Expert Review of
Neurotherapeutics 5:5, 663-670. [CrossRef]
27. C. D. Smith, R. J. Kryscio, F. A. Schmitt, M. A. Lovell, L. X. Blonder, W. S. Rayens, A. H. Andersen. 2005. Longitudinal
Functional Alterations in Asymptomatic Women at Risk for Alzheimer's Disease. Journal of Neuroimaging 15:3, 271-277.
[CrossRef]
28. Bradford C. Dickerson, David H. Salat, Julianna F. Bates, Monika Atiya, Ronald J. Killiany, Douglas N. Greve, Anders M. Dale,
Chantal E. Stern, Deborah Blacker, Marilyn S. Albert, Reisa A. Sperling. 2004. Medial temporal lobe function and structure in
mild cognitive impairment. Annals of Neurology 56:1, 27-35. [CrossRef]
29. Howard J. Aizenstein , Kristi A. Clark , Meryl A. Butters , Jennifer Cochran , V. Andrew Stenger , Carolyn C. Meltzer , Charles
F. Reynolds , Cameron S. Carter . 2004. The BOLD Hemodynamic Response in Healthy AgingThe BOLD Hemodynamic
Response in Healthy Aging. Journal of Cognitive Neuroscience 16:5, 786-793. [Abstract] [PDF] [PDF Plus]
30. Marcia K. Johnson, Karen J. Mitchell, Carol L. Raye, Erich J. Greene. 2004. An Age-Related Deficit in Prefrontal Cortical
Function Associated With Refreshing Information. Psychological Science 15:2, 127-132. [CrossRef]
31. Kristy A. Nielson, Scott A. Langenecker, Thomas J. Ross, Hugh Garavan, Stephen M. Rao, Elliot A. Stein. 2004. Comparability
of functional MRI response in young and old during inhibition. NeuroReport 15:1, 129-133. [CrossRef]
32. Denise C. Park, Robert C. Welsh, Christy Marshuetz, Angela H. Gutchess, Joseph Mikels, Thad A. Polk, Douglas C. Noll,
Stephan F. Taylor. 2003. Working Memory for Complex Scenes: Age Differences in Frontal and Hippocampal ActivationsWorking
Memory for Complex Scenes: Age Differences in Frontal and Hippocampal Activations. Journal of Cognitive Neuroscience 15:8,
1122-1134. [Abstract] [PDF] [PDF Plus]
33. Benjamin C.P. Lee, Mark Mintun, Randy L. Buckner, John C. Morris. 2003. Imaging of Alzheimer's Disease. Journal of
Neuroimaging 13:3, 199-214. [CrossRef]
34. D. Jannet Mehagnoul-Schipper, Bas F.W. van der Kallen, Willy N.J.M. Colier, Marco C. van der Sluijs, Leon J.Th.O. van Erning,
Henk O.M. Thijssen, Berend Oeseburg, Willibrord H.L. Hoefnagels, Ren￿ W.M.M. Jansen. 2002. Simultaneous measurements
of cerebral oxygenation changes during brain activation by near-infrared spectroscopy and functional magnetic resonance imaging
in healthy young and elderly subjects. Human Brain Mapping 16:1, 14-23. [CrossRef]
35. Scott A. Huettel, Gregory McCarthy. 2001. The effects of single-trial averaging upon the spatial extent of fMRI activation.
Neuroreport 12:11, 2411-2416. [CrossRef]
36. 2001. Current Awareness. NMR in Biomedicine 14:3, 217-222. [CrossRef]
37. 2001. Current awareness in geriatric psychiatry. International Journal of Geriatric Psychiatry 16:4, 442-449. [CrossRef]